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IHOTEPH JABJIEHUA TP TBU’KEHH N KOMITPECCUOHHOM IEHBI
B PYKABHOU JINHUU C YYETOM TEMIIEPATYPbBI OKPYKAIOIIEU CPE/1bI

PRESSURE LOSS DURING THE MOVEMENT OF COMPRESSION FOAM IN A HOSE LINE,
TAKING INTO ACCOUNT THE AMBIENT TEMPERATURE

Hean. ObocHOBaHME IEHHOW CTPYKTYPHI MOTOKA U HAMOOJNBIIICH JITMHBI PyKaBHOM JIMHIH C YIETOM BIIUSHUS
MIOTEPb AABJICHUA U TEMIIEPATYPhI OKPYKAIOILEH CPEIbL.

MeToabl. MeToas! TepMOIMHAMHUKH I'a30BBIX MPOLIECCOB C UCTIONB30BaHUEM O0bEANHEHHOTO 3aKOHA Fa30BOI0
COCTOSIHMSI, TMJIPABIMUYECKUE METOABI OINPENENICHUs IOTEPh JABJICHUS, METOIbl PacueTa PEXKHUMOB TEUECHUS
ra30KHUIKOCTHBIX CMECEH B PyKaBHOM JIMHUY.

Pesyasbrarel. OnpeneneHsl NOTEPH AaBICHUS MPU JBHKEHUN KOMITPECCHOHHON INEHBI B PyKaBHOW JIMHUU
C YUYETOM BIIMSIHMSI TEMIIEpaTypbl OKpy:Karowled cpenbl. IlomydeHHbIE pe3yssrarsl MO3BOJISIOT ONPENEIIUTh
CTPYKTYpPY T'a30BOASHOIO MOTOKA M MAaKCHMAaJbHYIO JJIMHY PYKaBHOW JIMHUH, NPU KOTOPOH OOECIeYMBACTCS
O/THOBPEMEHHO HOMHHAJIbHBIN PEXUM PabOTHI OKAPHOTO CTBOJIA U IIEHHAs CTPYKTypa Ia30BOISHON CMECH.

Hayuynas mwnoBm3Ha. [IpeanoxeHa waremarnyeckas MOJIETb TOTEPH JABIEHHUS TPH  JABHIKEHHUU
KOMITPECCHUOHHON TIEHbl B PYKAaBHOM JIMHHMM, OTJIMYAIOIIAsCS TEM, YTO: OObEMHOE Tra30HACBHILICHHE IOTOKa
MOJy4eHO C YYEeTOM BBITIONHEHHs 3akoHa Kiameidpona, paccMmarpuBaeTcs Kak (yHKIHS JIBYX NEPEeMEHHBIX —
TEeMIIeparypsl M JaBJIeHUS, M3MEHSIONIAsACS 10 JUIMHE PYKaBHOW JIMHUM; TOTEPH JABJICHUS OIpe/IesieHbI
KaK MHTErpajibHasi CyMMa YJIENIbHBIX TOTEPh JABICHUS Ha AIIEMEHTAPHBIX YYaCTKaxX PyKaBHOM JIMHUM.

IIpakTHyeckas 3HAYUMOCTb. Pe3ynbrarsl MccieoBaHNH MO3BOJISIOT 0OOCHOBaTh MaKCUMAIBHYIO JIMHY
PYKaBHOI JIMHUU U CTPYKTYPY I'a30BOASIHOM CMECH, a ITPY €€ OTKIIOHEHUH IIPOU3BECTH KOPPEKTUPOBKY, HAIIPUMED,
WCTIONb3YsI TA30HACHILLIECHHUE.

KnroueBble ciioBa: KoumnpeccuonwHas hneHa, nomepu OaeNeHus, 2a30HACbIUjeHUe, Qopma OBUMCEHUS,
memnepamypa oxpyscaroujeti cpeowi.

Jnst uurupoBanusi: Kupvan A. 11, Ilepmubau I U., Tanyxun H. A. Tlotepn naBneHus NpHU IBUKSHUH
KOMITPECCHOHHOM TIEHbI B PYKaBHOM JIMHUU C YYETOM TeMIIeparypbl OKpy»xKaromieil cpenpl / HaydHblid BECTHUK
HUM «Pecrimparop». —2026. — Ne 2 (63). — C. 7-14. - EDN WXYIWQ

Objective. Justification of the foam structure of the flow and the maximum length of the hose line, taking into
account the influence of pressure losses and ambient temperature.

Methods. Methods of thermodynamics of gas processes using the unified law of the gas state, hydraulic
methods for determining pressure losses, methods for calculating flow regimes of gas-liquid mixtures in a hose line.

Results. Pressure losses during the movement of compression foam in a hose line were determined, taking
into account the influence of ambient temperature. The obtained results allow us to determine the structure of the
gas-water flow and the maximum hose line length that simultaneously ensures the nominal operating mode of the
fire nozzle and the foam structure of the gas-water mixture.

Scientific novelty. A mathematical model of pressure loss during the movement of compression foam
in a hose line is proposed, characterized in that:


mailto:niigd.osmas-7@mail.ru

— the volumetric gas saturation of the flow is obtained taking into account the Clapeyron law, and is considered
as a function of two variables - temperature and pressure, changing along the length of the hose line;

— pressure losses are defined as the integral sum of specific pressure losses in the elementary sections of the
hose line.

Practical significance. The research results make it possible to justify the maximum length of the hose line
and the structure of the gas-water mixture, and, if it deviates, to make adjustments, for example, using gas saturation.
Keywords: compression foam, pressure losses; gas saturation, movement pattern, ambient temperature.

For citation: Kiryan A.P., Peftibay G.I., Galukhin N.A. Pressure loss during the movement
of compression foam in a hose line, taking into account the ambient temperature. Scientific Bulletin of the NII
«Respiratory, 2026, no. 2 (63), pp. 7-14. EDN WXYIWQ
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MHOT'OKPUTEPUAJIBHBII NOAXO0] K OEHKE DY®®EKTUBHOCTH MOKAPHOI
TEXHUKHU KAK CJIOKHOI TEXHUYECKOI CUCTEMbI

A MULTI-CRITERIA APPROACH TO EVALUATING THE EFFECTIVENESS
OF FIRE FIGHTING EQUIPMENT AS A COMPLEX TECHNICAL SYSTEM

Hean. Pazpaborka HayyHO OOOCHOBAaHHOM METONUKH, WHTETPUPYIOIIEH pa3fiMyHble MaTeMaTHYecKHue
TIOIXOBL, JIJIs OLeHKH 3(h(DEKTUBHOCTH TIOXKAPHOH TEXHUKHU KaK CJIOKHON TEXHUIECKOH CHCTEMBI.

Metoapbl. CHHTE3 TEOPETUKO-PA3MEPHOCTHOIO METONA C HCHOJNB30BAHUEM T-TEOpeMbl bakuHrema
Tutst (hOpMUpPOBaHHS Oe3pa3MEpHBIX KPUTEPUEB OLIEHKH; METOA SKCIIEPTHOW OIIEHKH TSI OTPEICTICHUS] BECOBBIX
KO3((UITMEHTOB M pacyeTa CPEIHEB3BEIICHHBIX 3HAYCHHIA; anmapara HEYETKON JIOTMKM M CUCTEMBI HEYETKOTO
BbIBOJIa THNAa MamaaHu Juid y4€Ta HEONpeneN€HHOCTH M KaueCTBEHHBIX XapaKTePHCTHK MPUMEHUTETHBHO
K crierduKe OKapHOH TeXHUKH.

PesyabTarsl. [locTpoeH anropuT™ METOIVKH, BKITFOUAROIIHI (DOPMAITH3AIIO KPUTEPUEB, OTIPE/IeTICHIE BECOB
U MOJTyYEHNE NHTETPATbHON OLIEHKHU € YUETOM UEPApXUK KPUTEPUEB M SKCIIEPTHBIX CYKICHUM.

Hayuynas wHoBu3Ha. Pa3paboTaHa WHTETpHUpOBaHHAS METONWKA MHOTOKPHUTEPHAIBHOW  OICHKH
3¢ PEKTUBHOCTH MOKAPHOW TEXHUKH KaK CIOKHONW TEXHMYECKOW CHUCTEMbI, BIICPBbIE OOBEAMHSIONMICH IOIXO
Ha OCHOBe 7-TeopeMbl bakuHrema s QopMupoBaHHS Oe3pa3sMEpHBIX KPUTEPUEB, METOJ SKCIEPTHOIO
OIICHUBAHMS JJIsI ONpeE/IeieHNs] BECOBBIX KOA(D(MHUIMEHTOB M amnmapar HeYETKOW JIOTHKH JUisi (opMalHu3alyu
Ka4eCTBEHHBIX XapaKTepPUCTHK M y4yéTa HEONpEAeIEHHOCTH MPUMEHHUTENBHO K CHelupHKe IOXKapHO-
CracaTeIbHOM TEXHUKH PAa3IMYHbIX KJIACCOB.

[IpakTnyeckast 3HAYMMOCTh. MeToAuKka MpPUMEHUMA MpPU ONTUMH3ALMK XapaKTEpPUCTUK Ha HTare
MIPOEKTUPOBaHKUS ¥ (HOPMUPOBaHMM TpPeOOBaHWH K TEPCHEKTUBHBIM O0pa3laM TIOKapHOH TEXHUKU JUIA
000CHOBaHUS ee 3aKymok s oapazaenenuit MUC Poccun.

KnroueBble cli0Ba: MHOCOKpUMEPUATLHASL OYEHKA IPHEKMUBHOCTIU, NONCAPHAST MEXHUKA, T-Meopema
baxuneema; ananuz pazmepHocmell; SKCNEPMHAS OYEHKA, HeuémKas J02uKka, Oe3pasmepHvie Kpumepuu,
UHMESPANbHASl OYEHKA.

Jist murupoBanus: Coimovixos M. P. MHOTOKpUTEpHAIIBHBIN MOIXOM K OLEHKe P QEKTUBHOCTH TOXKaPHOU
TEXHHUKU KaK CIOKHOM TexHuuecko cuctemsl // Hayunbnii Bectank HUU «Pecriuparopy. — 2026. — Ne 2 (63). —
C. 15-25. - EDN PTLBIL



Purpose. Development of a scientifically based methodology integrating various mathematical
approaches to assess the effectiveness of fire fighting equipment as a complex technical system.

Methods. An original integrated methodology synthesizing three approaches is proposed: a dimension-
theoretic method using Buckingham's n-theorem to form dimensionless evaluation criteria; an expert
assessment method to determine weighting coefficients and calculate weighted averages; a fuzzy logic
apparatus and a Mamdani-type fuzzy inference system to account for uncertainty and qualitative
characteristics. The novelty lies in the integrated integration of these methods in relation to the specifics of fire
fighting equipment.

Results. The algorithm of the methodology is constructed, which includes the formalization of criteria,
the determination of weights and the receipt of an integral assessment, taking into account the hierarchy of
criteria and expert judgments.

Scientific novelty. An original integrated methodology for multi-criteria assessment of the effectiveness
of fire fighting equipment as a complex technical system has been developed. For the first time, it combines
an approach based on Buckingham's n-theorem to form dimensionless criteria, an expert assessment method
to determine weighting coefficients, and a fuzzy logic apparatus to formalize qualitative characteristics and
account for uncertainty in relation to the specifics of fire and rescue equipment of various classes.

Practical significance. The methodology is applicable in justifying the procurement of fire fighting
equipment for the Russian Ministry of Emergency Situations units, conducting tenders, optimizing
characteristics at the design stage and forming requirements for promising samples.

Key words: multicriteria efficiency assessment; fire fighting equipment; Buckingham's pi-theorem;
dimensional analysis; expert assessment; fuzzy logic; dimensionless criteria; integral assessment.

For citation: Sytdykov M. R. A multi-criteria approach to evaluating the effectiveness of fire fighting
equipment as a complex technical system. Scientific bulletin of the NII «Respiratory, 2026, no. 2 (63), pp. 15-
25. EDN PTLBIL
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3ABUCUMOCTb KOHCTAHTBI CKOPOCTU COPBLIMU KUCJIOPOJA YITIEM
OT CBOMCTB YIUIA

DEPENDENCE OF THE OXYGEN SORPTION RATE CONSTANT ON THE PROPERTIES OF COAL

Hesb. YcraHOBIEHNE KOIMYECTBEHHBIX 3aBUCUMOCTEN MEXIY CBOMCTBAMH YIVII MU KOHCTAHTOW CKOPOCTH
COpOLMM KUCIIOpOAa — KIIIOYEBBIM IIapaMeTpoM, OINpPENe/LIIOUIMM CKJIOHHOCTh YIISI K 9HIOTCHHOMY
CaMOBO3TOPAHUIO.

MeToasl. KoppesiuoHHbIH 1 peTpeCCHOHHBIN aHAIN3 PE3YIIBTaTOB J1a00PAaTOPHBIX UCCIIEIOBAHMA.
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Pe3yapTarbl. YCTaHOBJIEHO, YTO BIAXXHOCTh YIS, BblaeneHue yrapHoro raza (CO) m merana (CHa),
OKa3bIBAIOT CTATHCTUYECKH 3HAUYMMOE TMOJIOKUTEIBFHOE BIMSHUE Ha KOHCTAHTY COPOLMH KHCIOPOAa YIJIEM, B TO
BpeMsI KaKk MapKa yIiisl ¥ Ipyrue neTporpaduueckue XapakTepuCTUKH He BAMSIOT HA YKa3aHHYIO BEJIUUHHY.

Hayunast HoBu3Ha. BriepBbie NOy4eHO YpaBHEHUE 3aBUCMOCTH KOHCTaHTBI CKOPOCTH COPOLIMH KUCTIOPOAa
YIJIEM OT CBOMCTB YIUISL: €T0 BIXKHOCTH, 00BEMOB BBIIIEIAEMOIO YIapHOIO ra3a 1 MeTaHa.

IIpakTnyeckast 3Ha4UMOCTh. [loTydeHHOE ypaBHEHUE JIMHEMHOW MHOXXECTBEHHON pErpeccuy MO3BOJISIET
OTepPaTHBHO OIICHUBATH KOHCTAHTY COPOIIMH TI0 JIETKO U3MEPSIEMbIM XapaKTePHCTHKAM JJIsl TOBBIICHHUS TIOKAPHON
0€30IMaCHOCTH Ha YIIIEA00BIBAIOINX 1 TIepepadaThIBAIOIINX MIPEATIPUATHSX.

KnioueBble ciioBa: xoncmawma ckopocmu copoyuu  KUCIopooa yenem; UHKYOAyuOHHwIU nepuoo
CaMO080320panUs Y2iisl, NPEOYNPeNcOeHUe IHOOSEHHBIX NOMHCAPOS.

Jas mutupoBanusi: 3asmounos /. @., Epmaxoea U. A., Tayuenxo B. I1., Kupenbepe E. A. 3aBUCUMOCTh
KOHCTaHTBI CKOPOCTH COpOILIMN KUCIIOpOoAa yIiieM OT cBoicTB yris // Hayuneiit Becthuk HUU «Pecnimparopy. —
2026.— Ne 2 (63). — C. 26-32. — EDN PVCMIW

Objective. To establish quantitative relationships between coal properties and the oxygen sorption rate
constant, a key parameter determining coal's susceptibility to endogenous spontaneous combustion.

Methods. Correlation and regression analysis of laboratory data obtained at Alzamir (Kemerovo).

Results. It was found that coal moisture content and carbon monoxide (CO) and methane (CH4) emission have
a statistically significant positive effect on the oxygen sorption constant by coal, while coal grade and other
petrographic characteristics do not affect this value.

Scientific novelty. For the first time, an equation has been derived for the dependence of the oxygen sorption
rate constant by coal on coal properties: moisture content, carbon monoxide (CO) and methane (CH4) emission.

Practical significance. The resulting linear multiple regression equation allows for the rapid estimation of the
sorption constant based on easily measurable characteristics to improve fire safety at coal mining and processing
facilities.

Keywords: oxygen sorption rate constant by coal; incubation period of spontaneous combustion of coal;
prevention of endogenous fires.

For citation: Zayatdinov D. F., Ermakova I. A., Tatsienko V. P., Kirenberg, E. A. Dependence of the oxygen
sorption rate constant on the properties of coal. Scientific Bulletin of the NII «Respirator», 2026, no. 2 (63), pp. 26-
32. EDN PVCMIJW
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OMIIMPUYECKUE UCCIEAOBAHUA NPOIECCOB TEIIVIOMACCOIIEPEHOCA
B T'OPHOM BBIPABOTKE ITPH ITOKAPE

EMPIRICAL STUDIES OF HEAT AND MASS TRANSFER PROCESSES
IN A MINING WORKING DURING A FIRE

Heab. YcTaHOBNEGHHE 3aBUCMMOCTEH TeMIEpaTypbl M KOHIEHTpPAaMid Ta30B MpPH HECTAMOHAPHOM
M CTaliOHapHOM pACTPOCTPaHEHWH TeIla M Ta30B C YYeTOM YCIOBHU (PEKUMOB) MPOBETPUBAHUS,
KOA((UITUSHTOB TEIIO- U MacCOOOMEHA, a TAK)KE TEOMETPHUYCCKUX Pa3MEPOB BHIPAOOTKH aBAPUIHOTO y4acTKa
YTOJbHOM IIaXTHI.

MeTtonsl. Vcnons30BaHbl aHATUTHYECKHE, TEOPETHYECKHE U IKCIEPUMEHTAIBHBIE METOIBI UCCIIEIOBAHMS
MPOLIECCOB  TEIJIOMAccoliepeHoca ¢ 00paldOTKOM  pe3y/braroB  MCIHONBb30BAHMEM IAKETOB  MPUKIIATHBIX
KomrbtoTepHbIX porpamm Microsoft Office (Excel), Mathcad, Origin u apyrux.

Pesyabrarbl. CpaBHEHHE TEOPETHUYECCKUX JAHHBIX C PE3y/ibraraMd SKCIEPUMEHTANBHBIX HCCIeOBAHUN
JVHAMUKHA PA3BUTHS TOI3EMHBIX TOKApOB B YCIOBHSX IITONBHU IIO3BOJIMJIO MOATBEPAHUTH JOCTOBEPHOCTH
MareMaTHIeCKuX MOJENie TMepeHoca Tellla M Ta30B B TOPHOHM BBIPAOOTKE TPW HANMYHMM oOdara IoKapa
C MaKCUMaJIbHOW OTHOCUTEIBHOMN MOTPEIIHOCTRIO He Oonee 15 %.

Hayuynass HoOBM3HA. YCTaHOBICHBI 3aBHCHMOCTH CKOPOCTH PACIPOCTPAHEHWS TIOKapHBIX Ta30B
(KOHIIEHTpAIIMI Ta30B U TEMIIEPaTyphl) PU HECTAIIMOHAPHBIX M CTAIIMOHAPHBIX MPOIIECCcaX TEIIoMacconepeHoca
B TOPHOU BBIPaOOTKE, OTIIMYAIOIINECS OT U3BECTHBIX YUETOM €€ TeOMETPUIECKHIX pa3MepOB (TEOMETPHH ), YCIIOBHI
(pPe)KUMOB) TIPOBETPUBAHUS, a TaKke KOA(PQPHUIIMEHTOB TEIUIO- W MAcCOIepeHOca IPH IOA3EMHOM TOKape
9K30T€HHOTO MTPOUCXOXKICHHSL.

IpakTuyeckas 3HA4UMOCTb. [lomyueHne TOCTOBEPHBIX TAaHHBIX O TA30BOM IMHAMUKE Ha BCEM MPOTHKESHUH
TOPHOW BBIPAOOTKH ¢ UCTOUYHHMKAMH Ta30BBLICICHUS MIPU TIOXKape MO3BOJIUT MOBBICHTh YPOBEHb 0E30MaCHOCTH
Tpyza ropHocnacareseit 1 3QeKTUBHOCTH BeAICHHS aBAPHIHHO-CIIACATENILHBIX PAOOT.

KiroueBble ciioBa: copras 6bipabomia; SKCNePUMEHMAIbHAS WOMbHS, NOO3EMHbILL NOXCAP, NPOYecc
MEeNnIoMacCconeperoca,; SMNUpUYecKue UCCIe008aHUs.

Jna uumrupoBanusi: Aezapkos An. B, Egumenxo B. JI, Esemeeg/[. C., YHosan A. H. Dwmupuueckre
HCCIIE/IOBaHUSI TIPOIIECCOB TEIIoMaccoliepeHoca B TOPHOHM BbIpaOoTke mpu noxkape // Hayunsnii Bectank HUN
«Pecrmparopy. —2026. — Ne 2 (63). — C. 33-43. — EDN RCUEMK

Purpose. Conducting empirical studies of heat and mass transfer processes in a mine working during a fire to
establish the dependencies of temperature and gas concentrations during non-stationary and stationary propagation
of heat and gases, taking into account the conditions (modes) of ventilation, heat and mass transfer coefficients, as
well as the geometric dimensions (geometry) of the workings of the emergency section of the coal mine.

Methods. Analytical, theoretical and experimental methods were used to study heat and mass transfer
processes with the results being processed using the software packages Microsoft Office (Excel), Mathcad, Origin
and others.

Results. A comparison of theoretical data with the results of experimental studies of the dynamics of
underground fires in adit conditions made it possible to confirm the reliability of mathematical models of heat and
gas transfer in a mine working in the presence of a fire source with a maximum relative error not exceeding (no
more than) 15 %.

Scientific novelty. The dependences of the rate of propagation of fire gases (gas concentrations and
temperature) during non-stationary and stationary processes of heat and mass transfer in a mine working are
established, taking into account its geometric dimensions (geometry), ventilation conditions (modes), as well as heat
and mass transfer coefficients during an underground fire of exogenous origin.

Practical value. Obtaining reliable data on gas dynamics throughout a mine working with sources of gas
emission during a fire will improve the safety of mine rescuers and the effectiveness of emergency rescue operations.

Keywords: mine working, experimental adit;, underground fire; heat and mass transfer process; empirical
research.
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OILIEHKA BJIVSHUS IVIACTUGUIUPYIOIIEN JIOBABKH HA CBOMCTBA MATEPHUAJIA
IMAXTHBIX B3PbIBOY CTOMYHUBBIX IEPEMBIYEK

ASSESSMENT OF THE IMPACT OF A PLASTICIZING ADDITIVE ON THE PROPERTIES
OF AMATERIAL FOR MINE EXPLOSION-PROOF CROSSCUTS

Heab. HccnenoBanwe  BiusiHUSL — cymliepiuiacTUukatopa Ha — (U3UKO-MEXaHMYECKHE  CBOKCTBA
OBICTPOTBEPACIOLIETO Marepuaja Uil BO3BEACHHUS IIAXTHBIX B3PHIBOYCTOHYMBBIX MEPEMBIYEK C MPUMEHEHHEM
TEXHOJIOTUH TIOCJIOMHOM YKIIaJKH.

MeTtonnbl. O1eHKY MOABMKHOCTH PacTBOPA BBIOJIHSIN METOINOM PacIuibiBa KoHyca. OIpeneneHre cpoKkoB
CXBaTbIBAaHUS PacTBOpa, Ipenesia NMPOYHOCTH HA CXKarhe W W3rud OTBEP)KAECHHOTO MarepHana MpPOBOAMIN
C MIPUMEHEHNEM CTaH/IAPTHBIX METOJIOB.

Pesyabrarel. HccnenoBano BmusiHME mactuduimpytomeii nodaBkn kapbokxcmn [1K-3 Ha ¢usmko-
MEXaHHYECKHE CBOMCTBA OBICTPOTBEPICIONIEIO MarepHayia. DKCIIEPUMEHTAIbHO OOOCHOBAHO pAIMOHAIBHOE
cofeprkaHue IIacTUQUIMpPYIOLIeH 100aBKU B IIEMEHTHO-IIUIAKOBOW CMECH IIPH BOIOBSIKYIIeM oTHoteHnu 0,37.

Hayuynasi HoBu3HA. BriepBble ycCTaHOBJIEHa 3aBHCHMOCTb BIMSAHMS IUIACTU(UIMpYIOLIEH a00aBKu
kapOokcwn [1K-3 Ha M3MeHeHWe JuameTpa paciuibiBa IIEMEHTHO-IUIAKOBOTO PAacTBOpPa Ha OCHOBE CBHIPHEBBIX
MarepuasoB [JoHenKoro pernoHa — NOpTIaHALEMEHTAa U JOMEHHOTO [IJIaKa METAJLTy prUYeCcKoro 3aBojia.

IIpakTHyeckass 3HAYMMOCTb. Pe3ynbrarbl sKCIEpHMEHTAJIbHBIX HCCIIEA0BAaHMNA MO3BOIMIN OOOCHOBATh
BBIOOp MOIU(UIMPYIOMMX A00aBOK B HYacTH Y/Iy4IIEHUS (U3MKO-MEXaHHYECKHX CBOWCTB Marepuaia [Jist
BO3BECHMSI B IIaXTaX B3PHIBOYCTONUMBBIX IEPEMBIYEK M OITHMU3UPOBATh €10 KOMIIOHEHTHBIIN COCTAaB.

KnroueBble cioBa: duamemp pacniviea, HpOUYHOCHb HA Cxcamue U npu useude;, KapOOKCUNAmHblil
cynepnaacmu@ukamop, nOOGUICHOCMb PACMEOPA, CPOKU CXBATNBIBAHUS PACTNEOPA, YEMEHMHAS CMECD.

Jos murupoBanus: Aeees B. I, Jlebeoesa B. B., Xpanonenxo O. B., ll]epbaxosa O. H. OueHKa BIUSTHHS
IacTUHUIUpPYIOIIeH J00aBKH Ha CBOMCTBA Marepualia MIaxTHBIX B3PHIBOYCTOWUMBBIX NepeMbruek // Haydansiit
BectHuk HUU «Pecrmparopy». —2026. — Ne 2 (63). — C. 44-50. — EDN SPMODV

Objective. Experimental studies of the effect of a superplasticizer on the physical and mechanical properties
of a fast-hardening material for the construction of mine explosion-resistant lintels using layer-by-layer technology.

Methods. Determination of normal consistency and flow of mortar by the truncated mini-cone slump test.
Standard methods for determining the setting time, flexural strength, and compressive strength of hardened material.

Results. The influence of the plasticizing additive carboxyl PC-3 on the physico-mechanical properties
of a rapid-hardening material was investigated. The rational content of the plasticizing additive in a cement-slag
mixture at a water-binder ratio of 0.37 was experimentally substantiated.

Scientific novelty. The dependence of the plasticizing additive carboxyl PC-3 on the change in the flow
diameter of cement-slag mortar, based on raw materials from the Donetsk region — Portland cement and blast
furnace slag from a metallurgical plant — has been established
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Practical significance. The results of experimental studies made it possible to substantiate the choice of
modifying additives for improving the physicomechanical properties of the material used for constructing
explosion-proof stoppings in mines, and to optimize its component composition

Keywords: slump diameter; compressive and flexural strength; carboxylate superplasticizer; mortar
workability; setting time,; cementitious mixture.
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IHOBBIINEHUE BE3OITACHOCTH ITPOU3BOACTBA YEPE3 IO3UITMOHNPOBAHUE
N MOHUTOPHUHI TAPAMETPOB OPTAHU3MA INIEPCOHAJIA

IMPROVING PRODUCTION SAFETY THROUGH BODY POSITIONING AND MONITORING

Henw. Mccnenoars mpomecchl BO3ACHCTBHS BPEHBIX W OMACHBIX (DAKTOPOB MPOM3BOICTBEHHON CpPEIIbI
W TPYAOBOIO TIpollecca Ha TMapaMeTpbl OpraHn3Ma paOOTHUKOB, OCYHIECTBISIIONIMX TPYAOBYIO (DYHKIIMFO
JUTSL ONITUMHU3AIINH OS30aCHOTO MOBEJICHHS MEPCOHANA Ha TIPOM3BOZICTBE.

Metonpl. VccnenoBanue 0a3upyercsi Ha COBPEMEHHBIX TPEJCTABICHHUAX O OE30MaCHOM WM OMACHOM
MOBE/ICHUY Pa0OTHHKA HA PA00UMX MECTAX MPHU OCYIIECTBICHUH TPYIOBOM JIEITSILHOCTH.

Pesyabrarbl. [IpoBefeHHbIC HCCIICNOBAHHUS TMO3BOJSIOT ONTHMHU3MPOBATh W YIy4IaTh YCIOBUS Tpyaa
Ha pabouMx MecTax, CHHXKAaTh YpPOBEHb aBApUIHOCTH, TpaBMaTW3Ma, MOTepH pabovero BpEeMEHH, CO3/IaTh
KOM(OPTHBIE YCIOBHS 151 COXPAHEHHUS KHU3HH U 3I0POBbS IIEPCOHANA

Hayuynasi woBu3Ha. [lpennioxeH crmoco0 oOnepaTMBHOIO ONpEIENeHHsT MECTOIONOKEHUS! PadOTHHKA
u BO3}1€I710TBI/IC Ha HETO BPEIHBIX U OITACHBIX q)aKTOpOB, YTO IMO3BOJIMT HA OCHOBE ITPUMCHECHUA HHTCT’pHpOBaHHOﬁ
TEXHOJIOTHH O3ULIHOHUPOBAHNS 1 MOHUTOPHHIA IAPaMETPOB OpPraHU3Ma IepCOHaa BBISBISIT TOTCHIUAIBHbIC
OIMIaCHOCTH B pPCaJIbHOM BpPEMCHU U OICPAaTUBHO IIPUHUMATH YIIPABIAOLINC )IeﬁCTBPISI JUIsT  CHUXKCHUS
npo(heCCHOHANTLHOTO pHCKa paOOTHUKOB, OBBIIIICHHUS O€30MIACHOCTH IPOU3BO/ICTRA.

IIpakTHyeckas 3HAYUMOCTDb. BHeipeHne HHTErPUPOBAHHON CUCTEMBI TIO3BOJISIET TOYHO MO3UIIMOHUPOBATD
paOOTHUKOB Ha TPOWU3BOACTBEHHOM OOBEKT€ M OCYIIECTBISATh MOHHUTOPHHI TapaMeTpOB €ro OpraHu3Ma
Ha pabo4yMx MecTax C BPEAHBIMH M ONACHBIMH IPOW3BOICTBEHHBIMU (PaKTOpaMu B peabHOM BpPEMEHH IS
CHWDKEHUSI TIPOECCHOHATLHOTO PUCKA, 3(D(PEKTHBHOTO YIIPABIICHHUS 0€30MaCHOCTHIO MPOU3BOJICTRA.

KiroueBble ¢j10Ba: TIO3UIMIOHNPOBAHUE, BPEIHBIC MTPOU3BOACTBEHHEIC (DAKTOPHI, MOHUTOPHHT OpraHN3Ma,
yMHbIe OpacieTbl, OTIepaTUBHOE YIIPaBICHUE, HHTETPUPOBAHHbIE TEXHOJIOTUH, 0€30MIaCHOCTh TPyIa

das uurupoBanmsi: Powun A. U, Konvimos A. U., Muxaiinos B.I., Paguxose P P. TloBbimenue
0e30MacHOCTH TPOM3BOACTBA UYepe3 MO3MLHOHMPOBAHME M MOHHUTOPHMHI MApaMeTpOB OpraHu3Ma nepcoHana //
Hayumsiii Bectank HUUN «Pecrmuparopy —2026. — Ne 2 (63). — C. 51-57. — EDN SVOQTM

Objective. Determining the possibility of using integrated technology and smart bracelets to reduce the risks
of exposure to harmful and dangerous factors in the production environment and the work process, improve working
conditions, and reduce the level of general and occupational morbidity,



Methods. The study is based on modern ideas about the safe or dangerous behavior of employees in the
workplace.

Results. The conducted studies make it possible to optimize and improve working conditions in the workplace,
reduce the level of accidents, injuries, and loss of working time, and create comfortable conditions for preserving
the life and health of the staff

Scientific novelty. A method has been developed for quickly determining an employee's location and exposure
to harmful and dangerous factors. It has been established that the use of integrated technology allows for real-time
identification of potential hazards and prompt implementation of control measures to reduce risk and improve
production safety.

Practical value. The implementation of an integrated system allows for the precise positioning of workers at
production facilities and the real-time monitoring of their body parameters in workplaces with harmful and
dangerous production factors, in order to reduce occupational risk and effectively manage production safety.

Keywords: positioning;, harmful production factors;, body monitoring; smart bracelets; operational
management; integrated technologies; occupational safety.
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IOPOEKTUBHOCTD JETI'AZAIIMU HEPA3I'PYKEHHbBIX YI'OJIBHBIX IIJIACTOB
HOCJIE HATHETAHUS "KUAKOCTHU

EFFECTIVENESS OF DEGASATION OF UNLOADED COAL SEAMS
AFTER LIQUID INJECTION

Hean. OrieHKa pe3yNnbraToB JabOpaTOPHBIX HCCACAOBAHUEN (PakTHUecKor 3(PQEKTHBHOCTH Jerasaiyu
HEepa3rpyKEeHHBIX ILTACTOB BEICOKOMETaMOP(HU30BaHHOTO YIS MOCIE TPEABAPUTEIIHHOTO THIIPOBO3ICHCTRHYSL.

MeTtonbl. AHaN3 1 0000IICHHE PE3YIBTATOB TCOPETUUECKUX M HATYPHBIX MCCIICIOBAHUH 110 ONPE/ICIICHUIO
3¢ PEeKTUBHOCTH Jera3alliy Ha YroJIbHBIX I1axTax JlonOacca.

Pesyabrarbl. [IpoBefeHbl TNPAKTHYECKUE WCCIICAOBAHMS, HAMpABICHHBIC HA OICHKY 3((pEKTHBHOCTH
Jierazalii  YroJLHOTO IUIAcTa C TPEJBAPUTENILHBIM HArHETAHHEM JKUJKOCTH B CKBRKUHBI M TIEPUOIIOM
JPSHUPOBAHUS YTOJIBHOTO MaccuBa He 6omnee 100 cyTok.
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Hayunasi HoBu3Ha. TeopeTHdecky onpeeneHo, YTO HarHETaHHUE KUAKOCTU B IUIACT MO3BOJISIET TIOMYYUTh
TpebyeMoe CHIKEHHE METaHOBBIIENICHUS B TOPHBIE BHIPAOOTKM 38 MEHBILHH MEPHO, YeM TPH NPeABAPUTETHLHON
JIeTa3alliy, YTO TIO3BOJISIET CYIIECTBEHHO COKPATHTH CPOKH MOATOTOBKH HOBBIX TOPU30HTOB IIAXT.

IIpakTnyeckas 3Ha4MMOCTh. [lodydeHHbIE pe3yNbTaThl MO3BONAT MOBBICUTH (P(EKTUBHOCTD JeTa3alin
ToCJIe TIPEeIBAPUTENTFHOTO HATHETAHUSI KHUIKOCTH B MACCUB Yepe3 JIeTa3allHOHHbIe CKBAYKIHBI, 4 TAK)KE MTOBBICHUTD
0€301MacHOCTh BEIEHHS TOPHBIX Pa0OT Ha YTOJIBHBIX IIAXTaXx.

KnioueBsbie ciioBa: Hepasepyoicennvie niacmol yeis, 3h)@dekmusHoCmb 0e2a3ayu; CK8aM}CUHbl, HASHEMAaHue
HCUOKOCU.

Jna wmrapoBanus: Awwoxwmun B. []., Tuwwun P. A, Maepoou A. B., Tuwwuna C. P DdPEeKTUBHOCTH
JeTa3allii  Hepa3rPyKEHHBIX YTOJBHBIX IUIACTOB TOCJe HarHeTaHus >kxunkoctu // Hayunsrit Bectamk HUUN
«Pecrmparop». —2026. — Ne 2 (63). — C. 58-67. — EDN UAWODR

Purpose. Evaluation of the results obtained under laboratory conditions concerning the determination of the
actual effectiveness of degassing of unloaded high-metamorphosed coal seams after preliminary treatment with
solutions.

Methods. Analysis and generalization of the results of theoretical and archival field studies on determining the
effectiveness of degassing of coal mines in Donbass.

Results. Practical studies have been conducted to assess the effectiveness of coal seam degassing with pre-
injection of liquid into wells and a coal massif drainage period of no more than 100 days.

Scientific novelty. It has been theoretically determined that fluid injection into the seam makes it possible to
achieve the required reduction of methane emission into mine workings in a shorter period than during preliminary
degassing, which allows significantly reducing the time required for preparing new mine horizons.

Practical significance. The obtained results will improve the effectiveness of degassing after preliminary
solution injection into the coal mass through degassing boreholes, as well as enhance the safety of mining operations
in coal mines.

Keywords: unloaded coal seams,; degassing efficiency, boreholes, fluid injection.
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AHAJIN3 @YHKIIMOHUPOBAHUS CUCTEMBI YIIPABJIEHUSA HPOH3BOHCIBEHHOFI
BE3OITACHOCTBIO HA ITPEANTPUATUU, BBIITOJIHAIOIIEM ABAPUNHO-
BOCCTAHOBUTEJIBHBIE PABOTbI



ANALYSIS OF THE FUNCTIONING OF THE INDUSTRIAL SAFETY MANAGEMENT SYSTEM
AT AN ENTERPRISE PERFORMING EMERGENCY RECOVERY WORK

Henp. Ymyumnenwe npoduIakTHUecKol HampaBIeHHOCTH (DYHKIMOHMPOBAHHUS CUCTEMBI YIpaBICHHS
npousBoAicTBeHHOM  Oe3omacHoCcThi0 (CYIIB) Ha OCHOBE TIPOAKTHBHBIX M PEAKTUBHBIX —IOKA3areliei
3P PEKTUBHOCTH.

Metoabl. KoMIUIEKCHBII METON HCCIEAOBAaHMSA BKIIOYAJ AHAJIW3 HMCTOYHUKOB HOPMAaTHMBHO-IPaBOBOU
Y HayYHO-TEXHUYIECKOH JINTEPaTyphl, a TAK)Ke CTAHIAPTOB B MPEIMETHON O0NIaCcTH, MPHMEHEH OaJUTHHBIN METOJ
Y DKCTIepTHAs oreHKa 1y onteHKH 3(pdexrrnBHOCTH CYIIB MatemMarnaeckim myTem.

Pesyaprarpl. C y4eToM KOHTEKCTa OpraHM3alldM pa3padoTaH KOMIUIEKC IPOAKTUBHBIX TIOKazarenen
W WHIUKAaTOpOB, a Takke MpemiokeHa Meronuka oreHku 3¢dexktuBHocTn CYIIB. C wucnomb3oBaHreM
pa3paboTaHHBIX peKoMeHIauii mpoBeneHa ouenka 3dexriusHoctr CYIIB B pumane S6moHOBCKOE yIIpaBleHUE
aBApPUITHO-BOCCTAHOBUTEILHBEIX padoT (SIYABP) OOO «l'asmpom Tpancra3z Kpacromap». B kauecTBe mpumepa
MIpUBeeHBI pe3ynbsrarsl otleHkn dhdexrnBHocTH CYIID drnmana AYABP.

Hayunas noBm3Ha. MeTomonorusi Mo3BOSIET CUCTEMATH3UPOBATh XAPAKTEPUCTHUKH (PYHKIIMOHHUPOBAHUS
npouieccoB CYIIb B Buze KOMMYECTBEHHBIX TOKa3aTelield, BU3yaIn3UpOBATh PE3Y/IbTaT M HaydHO OOOCHOBATH
MPUHATHUC YIPABICHYCCKHUX pCHICHI/II\/'I IO MUTUTAIH PHUCKOB HpOPISBOI[CTBeHHOfI JCATCIIbHOCTH, BIMAIOIINX Ha
JOCTHKCHUE TIEIIeH 110 COXPAHEHUIO YKU3HH | 3I0POBbSl PA0OOTHHUKOB, Pa3BUTHIO KYJIBTYPbI 0€30I1aCHOCTH TPYAA.

IIpakTuyeckass 3HAYMMOCTb. Pe3ynbrarbl WcciemoBaHUs TpeTHA3HAYEHBI IS HAaydHBIX pPAaOOTHHKOB,
00yJaroINXCs M CIENUAUCTOB Cephl IKCIUTyaraliid OOBEKTOB He(TEra3oBOro KOMIUIEKCa (CHEIHaTICTHI B
o0NacTi OXpaHbl TPYAa, MPOMBIIUICHHOW U TIOKapHOH 0e30MMacHOCTH MPOMBIIUICHHBIX MPEANPHSATHIA, a TaKkKe
pabOTHHKHM, HEMOCPENCTBEHHO AKCIUTyaTHPYIOIIME OIacHbIC MPOM3BOACTBEHHBIE OOBEKTHI). Pa3paboTaHHbIC
PEKOMEHIALNK MOTYT OBITH aIaNTHPOBAHBI TSl PELICHHST aHAJIOTMYHBIX 3a/1a4 B IPYTHX cepax SKOHOMHIECKOH
JeSATEIILHOCTH.

KioueBble ciioBa: cucmema ynpasienus npousgo0cmeeHHol 6e30nacHoCmvio;, oyeHKa 3¢ exmuernocmu;
NPOAKmMuUBHble NOKa3amenu,; pabOmMHUK,; Memoo, dPHeKMUEHOCHb, MEPONPUAMUSL NO YIYHUEHUIO YCI08ULL MPYOd.

Jna uutupoBanmsi: Anexcanoposa A. B., Ilywuwn ][ A., Iankpamos H. C., Jleguyk A. A. Anamm3
(DYHKIIMOHMPOBAHMS CUCTEMBI YTIPABIICHHUS TIPOM3BOACTBEHHON 0€30TIaCHOCTHIO Ha ITPEINPHSITHH, BBITONTHSIOLIEM
aBapHUItHO-BOCCTAaHOBHTENbHBIC Pa0boThI // Hayunsiii BectHuk HUW «Pecniparopy. — 2026. — Ne 2 (63). — C. 68—
77.— EDN UXQFIW

Objective. The improvement of the preventive orientation of the functioning of the Occupational Safety
Management System (OSMS).

Methods. The comprehensive research method included the analysis of regulatory and literary sources, as well
as standards in the relevant field. A scoring method and expert assessment were applied to evaluate the effectiveness
of the OSMS using mathematical approaches.

Results. Taking into account the organizational context, a set of proactive indicators was developed, along
with a methodology for assessing the effectiveness of the OSMS. Using the developed recommendations, the
effectiveness of the OSMS was assessed at the Yablonovskoye Emergency Recovery Operations Department
(YEVRD) branch of Gazprom Transgaz Krasnodar LLC. As an example, the results of the OSMS effectiveness
assessment for the YEVRD branch are provided.

Scientific novelty. The methodology makes it possible to systematize functional process characteristics of the
OSMS in the form of quantitative indicators, visualize results, and increase the effectiveness of management
decision-making aimed at mitigating industrial activity risks that affect the achievement of goals related to
preserving the life and health of employees and developing a safety culture.

Practical value. The article is intended for researchers, students, and specialists involved in the operation of oil
and gas complex facilities (specialists in occupational health and safety, industrial and fire safety at industrial
enterprises, as well as employees directly operating hazardous production facilities). The developed recommendations
can be adapted for solving similar challenges in other areas of economic activity.

Keywords: Unified Industrial Safety Management System, effectiveness assessment; proactive indicators;
employee,; method; efficiency; measures to improve working conditions.

For citation: Aleksandrova A. V., Pushchin D. A., Pankratov N. S., Levchuk A. A. Analysis of the functioning
of the industrial safety management system at an enterprise performing emergency recovery work. Scientific bulletin
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IOPEKTUBHOCTD UCITIOJIB3OBAHUSA YIIPYT'UX TIHEBMOJJIEMEHTOB
B KAYECTBE BUBPOU30JIAATOPOB

EFFICIENCY OF USING ELASTIC PNEUMATIC ELEMENTS
AS VIBRATION ISOLATORS

Henan. Bousiaie ocHOBHBIX MapaMeTpoB (JIaBJICHHE BO3IyXa, HArpy3Ka, 4acToTa U aMIUTUTYa KOJIeOaHMit)
Ha 3((EeKTHBHOCT, BHOPO3AIMTHBIX CBOMCTB ITHEBMOXJICMEHTOB IUIA IOBBHIMICHUS OE30MAacHOCTH Tpyaa
OIepaTopoB MAIIIUH.

Mertonpl. /{15 poBeneHus SKCIePHUMEHTATBLHBIX HCCIICIOBAHNN OBLT pa3paboTaH BHOPAITMOHHBINA CTEHIT
KOHCOJTBHOTO THITA, AIMUTUPYIOIIMN YCIIOBHS Pa0OTHI TEXHUKH, B Ka4eCTBE 0ObEKTa MCTIBITAHUNA HUCTIONH30BAIaCh
O/THOKaMepHasi BO3LyIIHAs MOIYIIKa U3 MOINOYTaJUeHOBBIN KaydyKa, TONIIMHON 2 MM U paboueii MOBEpXHOCTH
400 x 400 mm.

Pesynabrarel. HcnblTanuss OJHOKAMEPHOM BO3MYINIHOM MMOAYIIKHM IIOKA3alHd, YTO OHA MOXET SBISTHCS
nemMripepoM KolleOaHHui U pacCMaTpUBAThCS B KAYECTBE PadOUETo AlIeMEeHTa BHOPOHU3OIIATOPA.

Hayunass HoBu3HA. BriepBble MNpemyiokeHO WCIONB30BaTh MHEBMATHYECKHE OAJUIOHBI C BO3MYIIHBIM
HAIOJIHEHNEM B POJIM BUOPOHM3OJIHUPYIOMIMX JIEMEHTOB JUISl TEXHUYECKHX YCTPOHCTB CHIDKEHHUS] BUOpAIMHU TIPU
CpaBHUTEJIHHO HEOOIBIINX Harpy3Kax.

IpakTnyeckas 3HaYMMOCTh. PaspaboTaHHAs KOHCTPYKIMS OONagaeT NpEeuMyIIeCTBAMH aBTOHOMHOW
paboTel (He TpeOyeT MOCTOSTHHOTO IONKITFOYEHHSI K UICTOYHHKY CXKaToro BO3/IyXa); MUHUMAJIbHBIMHU TPEOOBaHUAMU
K TEXHIYECKOMY OOCITYXKHBaHHIO; BO3BMOXKHOCTBIO IIPAMEHEHHSI TS 3aIUTHI PA00YNX MECT OIIEPaTOPOB; BEICOKOM
3 (HEeKTUBHOCTHIO B Cpe/IHE- U BHICOKOYACTOTHOM JIHAria30HaxX; OTHOCHTEIBHO HU3KOH CTaTHYECKOW KECTKOCThIO
ITHEBMATHYECKUX OAJUIOHOB IPW MaJbIX Harpy3kax, 4TO CYIIIECTBEHHO OTrpaHHWYMBaeT 3S(PPEKTUBHOCTH
BUOPOU3OJISIINY.

KnroueBble cioBa: subpayus, 6uOpoU30IsAmMopsl; YApyaue HHEeBMOINEMEHMbL, G030YUIHASL NOOYUIKA,
BUOPAYUOHHBILL CTHOIL.

s murapoBanus: [lopuecko A. A., Yykapun A. H., @unouenrko T. A. DbHEKTUBHOCTb HCIOIB30BAHUS
YIIPYTHX MMHEBMORJIEMEHTOB B KauecTBe BHOpoumsoistopo // Hayunsiit Bectauk HUN «Pecriuparopy. — 2026. —
No 2 (63).— C. 78-85.— EDN YABGTN

Objective. To study the influence of key parameters (air pressure, load, frequency, and vibration amplitude)
on the effectiveness of the vibration-isolating properties of pneumatic elements.

Methods. A cantilever-type vibration rig simulating equipment operating conditions was developed for the
experimental studies. A single-chamber air cushion made of polybutadiene rubber, 2 mm thick and with a working
surface size of 400 x 400 mm, was used as the test object. The sealing system consisted of bolted steel strips.

Results. Testing of the single-chamber air cushion showed that it can act as an obstacle to vibration propagation
and be considered as the working element of a vibration isolator.

Scientific novelty. This is a scientific innovation in the use of air-filled pneumatic cylinders as vibration-
isolating elements for technical devices requiring vibration reduction and operating under relatively light loads.

Practical Significance. The developed design offers advantages such as autonomous operation (no constant
connection to a compressed air source required); minimal maintenance requirements; the ability to protect operator
workstations; and high efficiency in the mid- and high-frequency ranges. This is due to the relatively low static
stiffness of pneumatic cylinders under light loads, which significantly limits the effectiveness of vibration isolation.

Keywords: vibration, vibration isolators, elastic pneumatic elements, air cushion, vibration table.
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OIIEHKA COPBIIMOHHOM CIIOCOBHOCTHU ITPUPOIHBIX MATEPUAJIOB
ASSESSMENT OF SORPTION CAPACITY OF NATURAL MATERIALS

Henb. HccnenoBanusi cOpOLMOHHOM CHOCOOHOCTH 30JIBI-yHOCA M OIMJIOK JIPEBECHBIX XBOMHBIX MOPOI
TI0 OTHOIICHHUIO K OSH30ITY IS ICTIONB30BAHMS B KAYECTBE KOMITIOHEHTOB HEIOPOTHX YINIEPOTHBIX COPOSHTOB.

Metoapl. OneHka COpOIMOHHOM EMKOCTH MarepHaloB IyTEM MOACIUPOBAHUS 3aBHCHMOCTH MEXIY
MIepeMEHHBIMI METO/IOM JIMHEHHON perpeccu.

Pesyabrarel. Ha ocHOBaHMM  pE3yibTaroB  3KCIEPUMEHTAIBHBIX  MCCIEAOBAHUN  YCTAHOBJICHO,
YTO HanOONbIIeH COPOLMOHHONW €eMKOCTBIO 1O OeH30:Ty 00NagatoT ONMWIIKK JIPEBECHBIE XBOWHBIX HOPOA. 30IIy-
yYHOCA B COYETAHMH C OMWJIKAMH JIPEBECHBIMH MOXKHO HCIIONIb30BaTh B KaueCTBE KOMIIOHEHTAa KOMITO3MITHIA
NPUPOIHBIX TOPUCTHIX MATepHANOB IJIsl HEWTpalu3aliy (3acChIIKK) NPOJIUBOB aBAPUHHO XMMHUYECKH OMACHBIX
BemecTB. [IpoBeneHa anmmpoKCHMAaIys SKCIEPHUMEHTAIbHBIX JAHHBIX, B pE3ylbTare IMONy4eHO YpaBHEHHE
perpeccru 3aBUCUMOCTH COPOITMOHHON EMKOCTH OT MAacCOBOTO COJIEP)KaHHS 30JIbI-YHOCA M OIHJIOK IPEBECHBIX.

Hayunast HoBusHa. [lonydeno ypaBHeHue IByX(haKTOPHOH JIMHEHHON perpeccuu, OIMMCHIBAIOIIEE BIMSIHUE
MacCOBOTO COZEPKaHMS 30JIbI-yHOCA 1 OTMJIOK JPEBECHBIX Ha COPOIIMOHHYIO €MKOCTh TI0 OEH30JTy B CTAaTHYECKUX
YCIIOBHSIX.

IIpakTHyeckast 3HAYMMOCTDb. Pe3ynbrarel MccienoBaHW MMOKa3alH, YTO OMWIIKH JIPEBECHBIE XBOWHBIX
TOPOJT M 30Ty-yHOCa MOXKHO HCIIOJIB30BaTh B Ka4e€CTBE KOMIIOHEHTOB HEOPOTHX YIJIEPOIHBIX COPOEHTOB LIS
JIOKQJIM3allMHU 30HbI TIPOJIMBA U CHIDKECHUSI BPEMEHN HCIAPEHUs] XUMUUYECKH OMACHBIX BELIECTB B OKPYKAIOIIYIO
Cpelly TpH aBapusX TEXHOTEHHOTO XapaKTepa.

KnroueBble ciioBa: gecosoui memoo; O08YX(AKMOPHASL PecPecCUOHHAS MOOenb, 301a-YHOCA, ONUIKU
OpesecHbvie; pecpecCUOHHbIU AHANU3, COPOYUOHHASL EMKOCTb HO DEH30IY.

s murupoBanusi: Mavaes B. B., Jlebedesa B. B., Xpanonenxo O. B., Jo6posonvckene A. A. OuieHka
COpOLIMOHHOI CMOCOOHOCTH MPHUPONHBIX MarepuaioB // Hayunenii Bectauk HUU «Pecnmparop». — 2026. —
Ne 2 (63). - C. 86-91. — EDN VCMHMIJ

Objective. Experimental studies of the sorption capacity of fly ash and sawdust from coniferous wood
in relation to benzene for use as components of cheap carbon sorbents.

Methods. Evaluation of the sorption capacity of materials by modeling the relationship between variables
using linear regression.
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Results. Based on the results of experimental studies, it has been established that sawdust from coniferous
trees has the highest sorption capacity for benzene. Fly ash combined with sawdust can be used as a component
of natural porous materials for neutralizing (filling) spills of hazardous chemicals. The experimental data were
approximated, resulting in a regression equation that establishes the dependence of sorption capacity on the
mass content of fly ash and sawdust.

Scientific novelty. A two-factor linear regression equation was obtained that describes the effect of the
mass content of fly ash and sawdust on the sorption capacity for benzene under static conditions.

Practical significance. The research results showed that sawdust from coniferous trees and fly ash can
be used as cheap carbon sorbents to localize the spill zone and reduce the time it takes for chemically hazardous
substances to evaporate into the environment during man-made accidents.

Keywords: weight method; two-factor regression model; fly ash; wood chips; regression analysis;
benzene sorption capacity.

For citation: Mamaev V. V., Lebedeva V. V., Khraponenko O. V., Dobrovolskene A. A. Assessment
of Sorption Capacity of Natural Materials. Scientific bulletin of the NII «Respiratory, 2026, no. 2 (63), pp. 86-
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OU3NKO-XUMHNUYECKOE MOAEJIMPOBAHUE 'EHEPALIUU OITACHBIX ®PAKTOPOB
ITPU NIUPOJIM3E TBEPABIX KOMMYHAJIBHBIX OTXO/10B
JIJI1 TIPOTHO3UPOBAHMSA YCJIOBUI TPYJIA

PHYSICO-CHEMICAL MODELING OF HAZARD GENERATION DURING PYROLYSIS
OF MUNICIPAL SOLID WASTE TO PREDICT WORKING CONDITIONS

Heab. Pa3paborka (UBHKO-XUMHYECKOH MOJENINM TEHEpalMd OIMACHBIX Ta3000pa3HbIX  (haKTOpPOB
NpH TIHPOJU3E TBEPIBIX KOMMYHAIBHBIX OTXONIOB, OCHOBAaHHOW Ha cHcTeMe JuhhepeHIMaTbHBIX YpaBHEHHI
B YaCTHBIX TIPOU3BOJIHBIX, C PeATM3AIUEH YUCTICHHOTO METO/Ia PELICHUS, OIICHKOW YCTOHYUBOCTH U 000CHOBAaHUEM
HaYaJIbHBIX U TPAHWYHBIX YCIOBHUH IS IPOTHO3WPOBAHUSI YCIIOBHH TPy/a IepcoHaa.

Metoapbl. /i1 pelieHus 3a1a4i IPUMEHSETCSl YUCICHHBIA METOJ, KOHCUHBIX Pa3HOCTEH Ha paBHOMEpPHOU
MIPOCTPAHCTBEHHOW CETKE C UCTIONh30BAHUEM KOMOMHAIIUY SIBHBIX M HESIBHBIX CXEM.

Pesyabrarbl. Mojenp mOpeacTaBieHa CHCTEMOM HECTalMOHApHBIX IuddepeHIMalbHbIX  ypaBHEHUH
B YACTHBIX MPOM3BOJHBIX, YYHUTHIBAIOIINX XWMHYCCKHE pEaKIUU IIEPBOTO Mopsaka, AU y3UOHHBIH
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W KOHBEKTHBHBIA mepeHoc. [IpuBeneHbl HavyanbHbIe W TPaHUYHBIC YCIOBHUS, OTPAXKAIOMINE PEKUMBI 3arpy3Kd
CBIPbsSI M BEHTWISILMU Pab0vero npocTpaHcTBa.

Hayynasi HoBu3Ha. [IpemiokeHa (M3MKO-XMMHYECKasi MOIENb, ONMCHIBAIOLIAS KUHETUKY Pa3JIOKEHHS
OpraHUYecKOl KOMITOHEHTHI TBEPIABIX KOMMYHAJIBHBIX OTXOOB, TEIIOMACCONEPEHOC B PEAKIHMOHHOM 30HE
1 00pa30BaHKe KITFOYEBBIX TOKCHIHBIX KOMITOHEHTOB (CO, JIeTy4urX OpraHIIeCKIX COSTMHEHHH ).

IlpakTHueckasi 3HauMMOCTb. llomydeHHble pe3ynabTaTbl  IO3BOJSIFOT  [POTHO3UPOBATh  YPOBHU
npo(heCCHOHANBFHOIO PUCKa U 00OCHOBBIBATH IPHOPHUTETHBIE MEPHI KOJUIEKTUBHON M MHAVMBHUIYaJIbHON 3aIllUTHI.
PaspaboTannas Monenb MOXKET ObITh MHTETPUPOBAHA B CUCTEMBI YIIPABJICHUS OXPAaHOH Tpyna Ha NPeIIPUATHSIX IO
o0OpateHnio ¢ orxogamu. Ha mprMepe THIMOBOTO ydacTKa MHPOJH3a MOKa3aHO paclpenesicHie KOHLICHTPaIri
OIIACHBIX BEILECTB BO BPEMEHH U NPOCTPAHCTBE, YCTAHOBJICHBI KPUTUUECKHUE 30HBI IPEBBIIICHHUS MPEACIHHO
JOITyCTUMBIX KOHIIEHTPALHH.

KinioueBble €J10Ba: nuponuz meepovix KOMMYHAIbHBIX OMX0008, (QUIUKO-XUMUYECKOe MOOeNUpOosaHue;
ouepenyuanvhvie ypagHeHus, YUCIECHHOE peuleHue, NPOSHO3UPOSAHUe YCA08Ull mpyod; ONACHble (axkmopbl;
VCMOUMUBOCHb PEUCHUS.

Jnsa uutuposBanusi: Koney 10. B., Manxkun B. IO., Pvibarkos A. B. OU3UKO-XUMHIECKOE MOJIEITNPOBAHIE
reHepalyy OMacHbIX (PaKTOPOB MPH MUPOJIN3E TBEPIBIX KOMMYHAIBHBIX OTXOIOB VISl IPOTHO3UPOBAHHUS YCIOBUI
Tpyna // Hayansrit Bectank HUW «Pecnimparopy. — 2026. — Ne 2 (63). — C. 92-97. — EDN VDRWOO

Purpose. Development of a physico-chemical model for the generation of hazardous gaseous factors during
pyrolysis of municipal solid waste, based on a system of partial differential equations, with the implementation of
a numerical solution method, stability assessment and justification of initial and boundary conditions for predicting
the working conditions of personnel.

Methods. A numerical method is used to solve the problem. To solve the system of equations, the finite
difference method is applied on a uniform spatial grid using a combination of explicit and implicit schemes.

Results. The model is represented by a system of unsteady partial differential equations that take into account
first-order chemical reactions, diffusion and convective transport. The initial and boundary conditions reflecting the
modes of loading raw materials and ventilation of the workspace are given.

Scientific novelty. A physicochemical model is proposed that describes the kinetics of decomposition of the
organic component of municipal solid waste, heat and mass transfer in the reaction zone, and the formation of key
toxic components (CO, volatile organic compounds).

Practical value. Using the example of a typical pyrolysis site, the distribution of concentrations of hazardous
substances in time and space is shown, and critical zones of exceeding the maximum permissible concentrations are
established. The results obtained make it possible to predict occupational risk levels and justify priority measures
of collective and individual protection. The developed model can be integrated into occupational health and safety
management systems at waste management enterprises.

Keywords: pyrolysis of municipal solid waste; physico-chemical modeling; differential equations; numerical
solution; forecasting of working conditions, hazardous factors, stability of the solution.
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OBOCHOBAHMUE PAIIMOHAJIBHOI'O OFbEMA MEPOIIPUATHI 110 MOBBIIIIEHUIO
SAIIIMINEHHOCTHU TEPPUTOPHUHU OT IIOKAPOB

JUSTIFYING THE RATIONAL SCOPE OF MEASURES TO INCREASE THE PROTECTION
OF TERRITORY AGAINST FIRES

Heas. GopMupoBaHre METOMUYECKOTO MOAXOMa K OOOCHOBAaHHIO PAIlHOHAIBHOTO O0BhEMa MEpOTIPUSTHI
IO TIOBBIIIEHHIO YPOBHS 3aIIUILIEHHOCTH HaCeIeHUs ¥ TEPPUTOPUIA OT IPUPOIHBIX TIOKAPOB.

Metonbl. [IpuMeHEH KOMIUIEKCHBIM METOJl HKCCIENOBAaHMSA, BKIIIOYAIOIIMA AaHAU3 JIUTEPaTypHBIX
HCTOYHMKOB, & TaK)K€ — CYILECTBYIOLIECIO Hay4YHO-METOAWYECKOTO ammnapara 0OOCHOBaHHS MEPEYHs U 00BEMOB
MIPOTUBOIOKAPHBIX MEPOIPHUSTHH.

Pe3yabTarbl. YCTaHOBJICHO, YTO YBEIWYEHHE (PMHAHCHPOBAHUSI MEPOIPHUITHHA MO 3aIUTe OT MPUPOIHBIX
MOKapOB HE 00ECTIEeYNBAaET CTOMPOLIEHTHOE NOCTH)KEHHUE LIETIEBBIX MOKAa3aTesied MO KOJIMYECTBY M MapaMeTpam
TIPUPOIHBIX MTOKAPOB.

Hayunas noBu3Ha. Pa3zpaborannas Metomonorus obecriedrBaeT Hanooee parioHaIbHOE pacTIpeieieHIe
PeCypcoB M MAKCUMH3ALIHIO UTOTOBOH 3(P(HEKTUBHOCTH CHCTEMBI 3aLIUTHI HACEICHHUS ¥ TEPPUTOPHIA OT IPUPOAHBIX
MTOKapoB.

IIpakTnyeckasi 3HaumMocThb. [IpencrapieHHBIE MPAKTUUECKHE PEKOMEHIAMHM MOTYT OBITH IIOJIE3HBI
C TOYKH 3peHUs oOecliedeHHs BBICOKOH TOTOBHOCTH aBAPHHHO-CIIACATENIFHBIX CIY)KO K BBITIONHEHHIO 337134
IO IPEHA3HAYECHUIO.

KiroueBble cioBa: npupogHbIe MOXKaphl, CHCTEMa 3aIllUTHl HACETIEHUs], METOIMYECKHN MOIX0M, HAy4IHO-
METOIMYECKUH ammnapar, OLieHKa PUCKOB.

Josa nurupoBanusi: Kysomun A. B., Konopamves A. A., Hsanos E. B. ObocHOBaHHE PallMOHAIILHOTO 00beMa
MEPONPHATHH 10 TOBBIIICHUIO 3aIMIICHHOCTH TEPPUTOpUH OT ToxkapoB // Hayunsiii BectHmk HUU
«Pecrmparop». —2026. —Ne 2 (63). — C. 98-107. — EDN YHNOEC

Purpose. Development of a methodological approach to justifying the rational volume of measures to increase
the level of protection of the population and territories from natural fires.

Methods. A comprehensive research method was applied, including an analysis of literary sources, as well as
an analysis of the existing scientific and methodological framework for justifying the list and volume of fire
prevention measures.

Results. The analysis showed that increasing funding for fire protection measures does not guarantee 100%
achievement of the target numbers and parameters of natural fires.

Scientific novelty. The methodology ensures the most rational distribution of resources and maximizes the
overall effectiveness of the system for protecting people and territories from natural fires.

Practical significance. The presented practical recommendations can be useful in terms of ensuring the high
readiness of emergency rescue services to perform their intended tasks.

Keywords: natural fires, population protection system, methodological approach, scientific and
methodological apparatus, risk assessment.
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